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a b s t r a c t
Although the interest of partnering and supply chain integration (SCI) has increased in various
industries, there is still a lack of comprehensive conceptual and practical frameworks that enable both
a detailed and systemic understanding of integration in project-based supply chains. In this paper
a theoretical framework is developed, based on general SCI literature, but adapted to a project-based
context. Integration in project-based supply chains is a multi-dimensional construct, including the four
dimensions strength, scope, duration, and depth of integration. Empirical ﬁndings from a multiple case
study of four engineering projects indicate that these four dimensions are critical when conceptualizing
and implementing partnering in engineering projects. The results show that there are strong
interdependencies among the four dimensions, suggesting that it is crucial to manage them simulta-
neously and systemically rather than in isolation. Consequently, it is not enough to decide on the extent
to which suitable integrative activities and technologies should be implemented to strengthen
integration in project-based supply chains. The integrative activities and technologies must also be
implemented together with the right companies (scope), at the right time (duration), and with the right
people in the companies (depth).
& 2014 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Many practitioners and scholars active in the supply chain
management (SCM) ﬁeld highlight the strategic importance of
supply chain integration (SCI) (Fawcett and Magnan, 2002). Most
research in this ﬁeld has focused on the link between SCI and
performance (Ho et al., 2002; van Donk and van der Vaart, 2004)
and many survey studies have also shown that SCI may improve
various performance aspects related to customer service, opera-
tions, ﬁnance, and proﬁts (Frohlich and Westbrook, 2001; Vickery
et al., 2003; Bagchi et al., 2005; Flynn et al., 2010; Cao and Zhang,
2011; Huo, 2012). However, recent literature reviews indicate that
the results regarding the relationship between SCI and perfor-
mance are mixed and not very convincing (Fabbe-Costes and Jahre,
2007; van der Vaart and van Donk, 2008).
These mixed ﬁndings are partly due to a lack of consistency
when it comes to deﬁning and operationalizing the content of SCI
(Ho et al., 2002; van der Vaart and van Donk, 2008; Vallet-
Bellmunt et al., 2011). When looking at survey studies, a long list
of seemingly different constructs and measurements of SCI could
be identiﬁed. Yet, authors mostly measure only a small number of
items, and ignore potential interaction effects between different
dimensions of SCI (van der Vaart and van Donk, 2008; Huo, 2012).
Although many studies treat SCI as a one-dimensional construct,
recent studies highlight its multi-dimensional nature (Fabbe-
Costes and Jahre, 2007; Vallet-Bellmunt and Rivera-Torres, 2013).
Hence, it is central to improve our understanding of SCI as a multi-
dimensional construct and how different dimensions interact
sequentially (Huo, 2012; Vallet-Bellmunt and Rivera-Torres, 2013).
Another reason for the mixed results regarding SCI's effect on
performance is the lack of contingency perspective in terms of
various business conditions (Ho et al., 2002; van der Vaart and van
Donk, 2008). van Donk and van der Vaart (2004, p. 52) state that
“business conditions inﬂuence and determine both the optimum
level of SCI as well as the type of integrative activities employed”.
Prior studies have indicated that the complexity of the purchase
(Kaufmann and Carter, 2006), demand uncertainty, product vari-
ety, and the decoupling point (i.e. make-to-stock, make-to-order,
or engineer-to-order) must be taken into account when investi-
gating SCI (van Donk and van der Vaart, 2004; van der Vaart and
van Donk, 2006). Since business conditions may vary signiﬁcantly
across industries it is critical to conceptualize and implement SCI
in different ways in different industrial contexts.
While prior SCI studies mostly concern continuous exchanges
in manufacturing industries (e.g. Wathne and Heide, 2004; Flynn
et al., 2010; Cao and Zhang, 2011), there is considerably less
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research on discontinuous exchanges in project-based supply
chains (Briscoe and Dainty, 2005; Crespin-Mazet and Ghauri,
2007; Gil, 2009; Martinsuo and Ahola, 2010). Compared to the
continuous manufacturing context, SCI is especially challenging in
project-based supply chains due to: the discontinuous demand for
projects; the uniqueness of each project in technical and ﬁnancial
terms; uncertain demand requirements and production condi-
tions; and the complexity of each project in terms of a high
number of specialized but interdependent suppliers and their
activities (Dainty et al., 2001; Skaates et al., 2002; Gil, 2009;
Eriksson and Pesämaa, 2013). Accordingly, buyers often rely on
competitive tendering, in order to execute every new project to
the lowest possible cost, resulting in disjointed supply chains
(Briscoe and Dainty, 2005; Kadefors et al., 2007).
During recent years, however, the interest and practice of SCI,
often labeled partnering, has increased also in project-based
supply chains (Crespin-Mazet and Portier, 2010; Hartmann and
Caerteling, 2010). Yet, there are also studies that emphasize the
implementation difﬁculties and the lack of knowledge related to
integration in project-based supply chains (Saad et al., 2002;
Alderman and Ivory, 2007). The key to improved understanding
of how to successfully implement and achieve integration in
project-based supply chains is deeper and more detailed knowl-
edge (Humphreys et al., 2003) about how various management
practices work and affect each other, since “the devil is in the
details” (Gil, 2009, p. 144). Hence, there is a need for conceptual
and empirical research that is comprehensive, by addressing
several dimensions, yet detailed in the investigation of how
speciﬁc SCI dimensions interacts and how they can be managed
in project-based supply chains.
The empirical context of this study is project-based engineer-
to-order industries, which include the construction of plant facil-
ities, oil platforms, ships, buildings, and infrastructures (Hicks and
McGovern, 2009). Such undertakings involve engineering projects
characterized by high complexity, customization, and uncertainty
coupled with long duration (Hicks and McGovern, 2009). These
project characteristics typically require inter-organizational inte-
gration, in order to enhance coordination, ﬂexibility, adaptability,
joint problem solving, and knowledge exchange across the supply
chain (Lu and Yan, 2007; Eriksson, 2008). At the same time, SCI is
especially challenging due to the low transaction frequency and
uniqueness of the projects.
The purpose of this paper is to explore how SCI can be
conceptualized and implemented in project-based supply chains.
Speciﬁcally, the study elaborates on the research question: how
are central dimensions of SCI connected to each other and how can
they be managed together, when implementing partnering in
engineering projects? Furthermore, a contingency perspective is
adopted, in order to reﬂect on how the conﬁguration of SCI
dimensions may be adapted to ﬁt various business conditions
and project characteristics. In the next section, a theoretical
framework is developed, based on general SCI literature, but
adapted to a project-based context. Then the multiple case study
approach, including four engineering projects, is described. After
that, empirical ﬁndings from the case study projects are presented
and subsequently discussed in relation to prior literature. At the
end, conclusions are drawn and theoretical contributions and
managerial implications are discussed.
2. Development of a theoretical framework
2.1. Four dimensions of integration in project-based supply chains
Flynn et al. (2010, p. 59) and Huo (2012, p. 596) deﬁne SCI as
“the degree to which a focal company strategically collaborates
with its supply chain partners and collaboratively manages intra-
and inter-organizational processes”. As illustrated by the deﬁni-
tion, the concept of integration is closely related to collaboration,
which involves collective actions to reach mutual goals (Bengtsson
and Kock, 2000; Eriksson, 2008). The SCI concept, which originates
from a manufacturing industry context, corresponds to the con-
cept of partnering, which is the most commonly used term for
integration in project-based supply chains. Lu and Yan (2007, p.
165) deﬁnes partnering as “a structured sequence of processes
initiated at the outset of the project that is based on mutual
objectives and utilizes speciﬁc tools and techniques such as facili-
tated workshops, a dispute resolution system, and continuous
improvement techniques”. Both these deﬁnitions are based on an
explicit process perspective, which is adopted in this paper. The
concepts of integration in project-based supply chains and partnering
in engineering projects are used in parallel in this paper, which is
similar to how they are treated in prior literature (Saad et al., 2002;
Briscoe and Dainty, 2005; Hartmann and Caerteling, 2010).
When developing the theoretical framework, meta-analyses
and literature reviews on SCI was of particular interest, in order to
get a comprehensive view of the broad range of inconsistent
conceptualizations of SCI and its dimensions. In a meta-analysis
of 86 papers on SCI, Leuschner et al. (2013, p. 34) deﬁned SCI as
“the scope and strength of linkages in supply chain processes across
ﬁrms”. Similarly, many empirical papers involve investigations of
the two dimensions of strength and scope (e.g. Frohlich and
Westbrook, 2001; Fawcett and Magnan, 2002; Flynn et al., 2010).
Since these two dimensions seem to be the most central in prior
SCI literature, they serve as a starting point in this paper.
However, in order to make the developed framework applic-
able to project-based supply chains, two additional dimensions
(duration and depth) were identiﬁed in literature on new product
development (NPD) and engineering projects. In continuous
exchanges in manufacturing industries, SCI is implemented in
long-term relationships (Vickery et al., 2003; Wu et al., 2010; Huo,
2012), but this is mostly not the case in project-based supply
chains. Due to the low frequency and uniqueness of engineering
projects and the separation of projects into different stages that
traditionally are executed by different actors with different spe-
cialties, the timing and duration of integration is especially critical
in project-based supply chains (Crespin-Mazet and Portier, 2010;
Martinsuo and Ahola, 2010; Salvador and Villena, 2013), compared
to the situation in manufacturing industries. In addition, although
some prior studies suggest that interaction among a larger number
of individuals at many hierarchical levels and frommany corporate
functions strengthens integration (Moenaert et al., 1995; Barnes
et al., 2007), prior SCI literature lack a discussion in about by
whom the integrative activities are performed. Engineering projects
involve coordination of activities performed by many people with
different specialties and functional roles at different hierarchical
levels. Accordingly, prior research has shown that integration is
enhanced by both top management commitment (McIvor et al.,
2006) and close interaction among personnel at lower hierarchical
levels (Zheng et al., 2008). Hence, it is important to include
personnel from several hierarchical levels and functions in partner-
ing processes (Bayliss et al., 2004), by considering the depth of
integration. Accordingly, by merging SCI literature with literature on
NPD and engineering projects, four SCI dimensions and their
interdependencies are ﬁrst conceptualized in the theoretical frame-
work and then illustrated through a multiple case study.
2.2. Strength of integration
Many studies discuss some kind of degree or strength of SCI,
which involve the question of how to measure more or less
integration (Frohlich and Westbrook, 2001; Fabbe-Costes and
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Jahre, 2007; Parker et al., 2008). Flynn et al. (2010, p. 61) deﬁne SCI
strength as “the level or extent to which integrative activities are
carried out” within the three domains of internal, supplier, and
customer integration. Prior studies have identiﬁed and investi-
gated a large number of different sub-dimensions of strength.
Leuschner et al. (2013) found that the strength of linkages depends
on the extent of information integration, operational integration,
and relational integration, of which the two ﬁrst involve activities
and the third involves attitudes. Information integration refers to
coordination of information transfer, communication, and sup-
porting technology. Operational integration refers to coordinated
decision making and joint work processes and development
activities, and relational integration refers to a strategic connection
among partners based on trust, commitment, and long-term
orientation (Leuschner et al., 2013).
Through a literature review of 33 SCI papers, van der Vaart and
van Donk (2008) found three sub-dimensions to measure the
extent of integration; practices, patterns, and attitudes. Practices
are tangible activities or technologies, such as integrated produc-
tion planning, electronic data interchange, and vendor managed
inventories, which play an important role in buyer-supplier
collaboration. Patterns are interaction activities such as visits to
the supplier's facilities and face-to-face communication. Attitudes
include long-term orientation, trust, and commitment, which
measure the partners' attitudes towards each other or towards
SCI (van der Vaart and van Donk, 2008). Recently, these three
dimensions were tested and validated in a survey study of 450
material suppliers in Spain (Vallet-Bellmunt and Rivera-Torres,
2013). However, van der Vaart and van Donk (2008) argue that it is
not suitable to focus on attitudes when measuring the strength of
SCI. Since SCI means investing in a buyer-supplier relationship
(Leuschner et al., 2013), attitudes are rather the outcome (or
sometimes the antecedent) to such investments in integrative
activities (van der Vaart and van Donk, 2008).
In line with the arguments put forward by van der Vaart and
van Donk (2008) and Flynn et al. (2010), this paper adopts the
perspective that the strength of integration in project-based
supply chains is related to the extent to which integrative activities
and technologies are utilized. Similar to the general SCI literature,
prior research on NPD and engineering projects has shown that
integration in project-based supply chains is strengthened by
integrative activities and technologies, such as formulation of joint
objectives and continuous follow-up meetings making partners
strive in the same direction (Clegg et al., 2002; Atuahene-Gima,
2003; Bayliss et al., 2004), a joint project ofﬁce that enhance face-
to-face communication (Fliess and Becker, 2006; Alderman and
Ivory, 2007; Gil, 2009), joint IT-tools that enhance information
sharing (Johansen et al., 2005), and teambuilding activities that
involve socialization of partners (Crespin-Mazet and Ghauri, 2007;
Martinsuo and Ahola, 2010; Caniels et al., 2012).
In the general SCI literature, a discussion of the importance of
procurement and contracting aspects for the strength of integra-
tion is largely missing. However, prior research on integration in
project-based supply chains indicates that partner selection based
on multiple criteria is critical for integration (Petersen et al., 2005;
Wagner and Hoegl, 2006; Kadefors et al., 2007; Eriksson and
Pesämaa, 2013), by enhancing a selection of partners that are
willing and competent to collaborate with other project actors
(Wathne and Heide, 2004). In addition, incentive-based payment
is important (Clegg et al., 2002; Bayliss et al., 2004; Crespin-Mazet
and Ghauri, 2007) since it distributes beneﬁts evenly and signals
that collaboration is legitimate and desired (Kadefors, 2004).
Accordingly, also procurement and contracting procedures and
mechanisms need to be considered when reﬂecting on how
integrative activities and technologies affect the strength of
integration in project-based supply chains.
2.3. Scope of integration
In prior SCI literature, the scope dimension involves internal
and external integration, which emphasize the distinction of
integrative activities and technologies for different types of actors
(i.e. internal functions, customers, and suppliers) (Leuschner et al.,
2013). Internal integration recognizes that departments and func-
tional roles (e.g. marketing, purchasing, and R&D) within the focal
company should function as parts of an integrated process to
speed up decisions and to increase collaboration (Vickery et al.,
2003; Flynn et al., 2010). External integration instead recognizes
the importance of strengthening the linkages with other compa-
nies by establishing close, interactive relationships with customers
and suppliers (Vickery et al., 2003; Flynn et al., 2010). A weakness
with this scope perspective is that it merely categorizes different
types of integration, and fails to recognize interdependencies
among different companies. In their literature review of 19 SCI
papers, Fabbe-Costes and Jahre (2007) identify scope as a central
SCI dimension, but they adopt a less ﬁxed and simplistic categor-
ization, arguing that scope involves the nature and number of
companies involved in the integrated supply chain.
Recent literature reviews have found that such a network
perspective that goes beyond categorization and investigates
a number of suppliers and their inter-dependencies is unusual in
SCM studies (Giunipero et al., 2008; van der Vaart and van Donk,
2008; Vallet-Bellmunt et al., 2011). Similarly, a panel of eight
purchasing and supply management scholars recently highlighted
the importance of adopting a network perspective and “investi-
gating the dependencies that may exist between suppliers”
(Schoenherr et al., 2012, p. 4560). Due to the common focus on
dyads, many studies miss the opportunity to explicitly discuss the
scope of integration. However, some recent studies have investi-
gated triadic sourcing, in which the buyer recognizes and
encourages interdependencies between two suppliers (Choi and
Wu, 2009; Wu et al., 2010). Supplier portfolio management is also
a scope related concept, in which interdependencies among
suppliers are recognized and managed from a portfolio perspec-
tive (Wagner and Johnson, 2004). The common use of sub-
suppliers and subcontractors exacerbates the need for a focus on
scope. This is because the dyadic buyer-supplier relationship is
also affected by the relationship between the supplier and its sub-
supplier (Wathne and Heide, 2004).
One prominent characteristic of engineering projects is their
complexity in terms of many types of interdependent contractors,
suppliers, and subcontractors that require coordination (Kleinsmann
et al., 2010). A dimension capturing the scope of integration is thus
critical in project-based supply chains. However, a simplistic distinc-
tion between internal and external integration is not relevant. In an
engineering project, the client's internal functions of for example
operations and purchasing are clearly external to the project,
whereas external suppliers are internal to the project. Hence, internal
client functions may well be perceived as more external to the
project than the external suppliers. In this paper, Fabbe-Costes and
Jahres' perspective is therefore adopted, by associating the scope
dimension to the number and nature of supply chain partners and
their interdependencies.
In spite of the importance of subcontractors in engineering
projects, many partnering attempts include only client and main
contractor (Dainty et al., 2001; Humphreys et al., 2003; Hartmann
and Caerteling, 2010). This is also reﬂected in a lack of research
adopting a network perspective on partnering in engineering
projects, involving also suppliers, subcontractors, and consultants
(Bygballe et al., 2010). While many authors pinpoint the need for
integrating more suppliers (Packham et al., 2003; Eriksson, 2010),
there are also ﬁndings indicating that increased scope may
lower the strength of integration. In a case study of a complex
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engineering project in the oil and gas industry Caniels et al. (2012)
found that the integration of a large amount of subcontractors
hampered communication and task alignment. Furthermore, in
a case study of two NPD projects Houman Andersen and Drejer
(2009) found that the involvement of competing suppliers
reduced the strength of integration. Hence, in order to understand
integration in project-based supply chains it is critical to adopt a
network perspective that explicitly incorporates the scope dimen-
sion and thereby interdependences among suppliers.
2.4. Duration of integration
Although some prior studies argue that the length of the
relationship is important for SCI (Vickery et al., 2003; Flynn et
al., 2010; Leuschner et al., 2013), there are few studies that
explicitly investigate the duration of integration as a distinct SCI
dimension (e.g. Bagchi et al., 2005; Kaufmann and Carter, 2006).
Arguably, this is because most studies have focused on continuous
exchanges in manufacturing industries, in which there is an
implicit assumption of long-term relationships. Prior research
have shown that long-term supplier integration is widely utilized
in many industries instead of short-term arm's length relation-
ships (e.g. Wathne and Heide, 2004; Cao and Zhang, 2011). In
many studies longer integration duration is found to strengthen
the integration, both because the partners get to know each other
and build mutual trust and because “the shadow of the future”
spurs collaboration rather than opportunism (Kaufmann and
Carter, 2006; Zheng et al., 2008).
In engineering projects, however, low frequency and the
separation of projects into different stages, which mostly are
executed by different actors, make the duration dimension espe-
cially critical (Crespin-Mazet and Portier, 2010; Martinsuo and
Ahola, 2010). Even when supply chain partners perform well, the
client often switch suppliers between partnering projects
(Alderman and Ivory, 2007). Strategic partnering arrangements,
spanning over a series of projects, are unusual both in theory and
practice (Bygballe et al., 2010). Nevertheless, many scholars argue
that long-term integration and strategic partnering make it
possible to strengthen integration over time and enhance the
possibilities for continuous improvements (Bresnen and Marshall,
2002; Caniels et al., 2012).
However, the length of engineering projects also makes it
possible to achieve strong integration within a single project,
especially if partners collaborate over many project stages
(Rönnberg-Sjödin et al., 2011). Prior studies on NPD and engineer-
ing projects pinpoint the importance of timing, suggesting that
key contractors and suppliers should be procured early in order to
contribute in collaborative and customized design work (Petersen
et al., 2005; Wagner and Hoegl, 2006; Wagner, 2012; Salvador and
Villena, 2013). Early involvement is also related to the strength of
integration (McIvor et al., 2006; Parker et al., 2008), since it
provides the actors with more time to socialize and tune in to
the partnering spirit (Eriksson, 2008). In a survey study of 118
construction companies, Saad et al. (2002) found that long-term
relationships and early contractor involvement were the two most
important factors affecting integration in project-based supply
chains. In this paper the duration of integration therefore involves
both the length of the relationship over a series of projects and the
timing of the involvement in a single project.
2.5. Depth of integration
Although many studies discuss the extent to which integrative
activities are performed (i.e. strength), there is a lack of discussion
about by whom these activities are performed. Are the integrative
activities performed by top and/or middle managers, specialists
and engineers, and/or production personnel at the shop ﬂoor?
Some prior studies suggest that interaction among individuals at
many hierarchical levels and from many functional roles facilitate
integration (Moenaert et al., 1995; Barnes et al., 2007). Arguably,
SCI is affected by how many people at different hierarchical levels
and from different internal functions that are involved in integra-
tive activities across the partner organizations. This aspect is
included in the framework through the depth dimension, which
accordingly also captures the internal integration aspect which has
been part of the scope dimension in prior SCI studies.
In the context of NPD and engineering projects, top manage-
ment commitment is critical for integration (McIvor et al., 2006;
Johnsen, 2009) and many partnering arrangements mainly involve
high managerial levels (Eriksson, 2010). However, others suggest
that close interaction among personnel at lower hierarchical levels
(e.g. purchasers and engineers) strengthens collaboration (Zheng
et al., 2008) by increasing behavioral transparency and reducing
information asymmetry (Dyer, 1996). Many scholars also empha-
size the value of communicating with and integrating the client's
end-users in NPD and engineering projects (Brown and
Eisenhardt, 1997; Atuahene-Gima, 2003; Kleinsmann et al., 2010)
so that they can contribute with valuable insights, based on their
high level of expertise, to the design work and commit to the end-
product before the hand-over. However, prior research has typi-
cally missed to investigate when and for how long end-users
should be involved in different project stages (Gruner and
Homburg, 2000; Rönnberg-Sjödin et al., 2011). At a more general
level, Olson et al. (2001) studied 34 NPD projects and found that
different internal functions should be involved at different stages
in a project. The connection between depth and duration is
therefore critical to study.
3. Method
3.1. Research design
In a literature review of 414 papers on SCM, Vallet-Bellmunt
et al. (2011) identiﬁed a lack of qualitative studies focusing on how
integrated relationships may be developed. This notion is sup-
ported by Ho et al. (2002) and Frohlich and Westbrook (2001),
who encourage theory building efforts with process perspective.
This empirical study focused on the process of managing four SCI
dimensions and their interdependencies, when implementing
partnering in engineering projects. A process perspective was
adopted since it is particularly suitable when studying develop-
ment of and interaction in supply chain relationships (Ring and
van de Ven, 1994; Ford and Håkansson, 2006).
When collecting and analyzing data from processes, case
studies are especially appropriate to develop a deeper under-
standing of how and why processes emerge and evolve over time
(Langley, 1999; Edmondson and McManus, 2007; Pratt, 2009). By
identifying gaps in and modifying prior work this study aims to
extend and elaborate existing literature (Edmondson and
McManus, 2007; Pratt, 2009) on SCI in manufacturing industries
to ﬁt the context of project-based supply chains. Speciﬁcally,
multiple cases were deemed to be required in order to provide
a sufﬁciently comprehensive empirical base from which to gain
insight and illustrate different ways of how to manage the four SCI
dimensions in different project settings.
3.2. Selection of cases
Four cases were selected through theoretical sampling in order to
enhance external validity and analytical generalization (Eisenhardt,
1989). The purpose of the theoretical sampling procedure was to
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select cases that are particularly suitable for illuminating relation-
ships and logic among key constructs (Eisenhardt and Graebner,
2007). A basic requirement when selecting the cases was that they
should be governed through explicit partnering arrangements, in
order to provide opportunities for comparisons of main aspects
related to the four SCI dimensions across projects. Speciﬁcally, the
cases were selected to make it possible to study how the four
dimensions were managed in different project conditions. Hence,
cases with different characteristics in terms of customization, uncer-
tainty, complexity, monetary size, time pressure, project duration
were selected since these characteristics have been found to affect
collaboration and implementation of partnering in engineering
projects in prior research (Lu and Yan, 2007; Eriksson, 2008).
All four engineering projects were procured by a Swedish
mining company, which may diminish the possibilities of general-
izations. However, an advantage of the chosen approach is that
observed differences in integration more clearly can be associated
with differences in how partnering was implemented in different
types of projects rather than with cultural and contextual differ-
ences at organizational and national levels. Although overlapping,
the four projects were procured and built in the chronological
order A, B, C, and D, which made it possible to study improve-
ments and changes among the partnering implementation efforts.
Accordingly, all cases are of an embedded nature since each
project is inﬂuenced by the social context from both earlier and
parallel projects (Yin, 2003).
3.3. Data collection
The data was mainly collected through interviews with both
the client and the suppliers, in order to obtain a network
perspective on the development of SCI. In total, 50 semi-
structured face-to-face interviews (a total of 66 h) were conducted
with respondents representing the client's project organizations
(35 interviews) and the supplier organizations (15 interviews). The
client respondents included contract managers, 1st level project
managers of the four projects, 2nd level project managers in
Projects A and B, procurement managers, quality managers, design
managers, and various specialists involved in time scheduling and
quality control. The supplier respondents included contract man-
agers, site managers, design consultants, and engineers. In order to
limit subject bias, higher level managers were initially interviewed
and specialty managers and specialists were identiﬁed based on
snowball sampling to further ensure that the sample included
highly knowledgeable informants from different hierarchical
levels and functional areas (Yin, 2003; Eisenhardt and Graebner,
2007). As such, both representativeness (i.e. breadth and variation
among respondents to enhance coverage) and quality (i.e. highly
qualiﬁed people with experience and ability to provide rich,
perceptive, and insightful accounts) were considered when choos-
ing respondents (Alvesson, 2011).
The comprehensive semi-structured interview guide included
questions about a large number of integrative activities and
technologies (e.g. partner selection, payment, contracts, partner-
ing activities, subcontractors, etc.) covering the entire buying
process from feasibility study to start-up. A typical interview
lasted 1.5 h but they varied from 30 min to 3 h. Interviews with
higher level managers, which had a good general overview of the
project, covered the entire interview guide, while interviews with
specialty managers and specialists, which had narrower but
deeper knowledge and experience, focused on speciﬁc parts of
the interview guide. Follow-up questions were asked via phone or
email a few times when clariﬁcation was required. To improve the
more general knowledge of the projects and get a basic under-
standing of project characteristics and business conditions, one or
two site visits were made to each project.
In order to improve construct validity through triangulation
a variety of data collection methods and information sources were
utilized (Edmondson and McManus, 2007; Gibbert et al., 2008). In
addition to the interviews, approximately 50 h of archival data
studies were performed. Documents included publicly accessible
information from press releases, news articles, and websites but
Table 1
Project characteristics.
Project
characteristics
Project A Pelletizing plant Project B Pelletizing plant Project C New mine level Project D Flotation plant
Monetary size € 300 M € 600 M € 20 M/year € 40 M
Main parts Design-Build contracts for:
Construction (C) Electrical engineering
(E) Mechanical engineer (M).
Design-Build contracts for:
Construction (C) Electrical
engineering (E) Mechanical
engineer (M).
Design-Bid-Build contract for:
Construction (C).
Design-Build contracts for:
Construction (C) Electrical
engineering (E) Mechanical
engineer (M).
Duration 2 years 2.5 years Contract for 1 year at a time. 1.5 years
Time pressure Very high. An initially high time
pressure was increased further due to
extended scope.
Extremely high time pressure
throughout the project
duration.
Very high time pressure due to high
requirements on the production speed:
15,300 m/year.
Moderate. Time pressure was
low during feasibility stage, but
high during construction stage.
Complexity Very high complexity. Challenging
coordination between C, E, & M. 150
ﬁrms were involved. 700 people were
involved at most on site.
Extremely high complexity.
Challenging coordination
between C, E, & M. 1400
people were involved at most
on site.
Rather low complexity. Smaller amount of
trades and disciplines in underground
work. Due to limited space too many
people cannot work simultaneously. At
most 150 people were involved.
Moderate. Not as complex as
Projects A and B but a normal
engineering project with
complex coordination between
C, E, & M.
Customization High. The technology was customized
at site.
High. The world's largest
Grate-Kiln-Cooler (160m) was
built on site.
Very high. Most work took place at the
site. Work has to be planned carefully
ahead to ﬁt the client's requirements, time
schedule, and geological conditions.
Moderate. Fairly normal for an
engineering project.
Technology
newness
Moderate. Technology (straight-grate
sintering machine) was not really new
but updated.
High. No existing product
available. Process development
of the world's only pelletizing
plant equipped for NOx
reduction
Low. Traditional underground work. Moderate. Technology was not
really new but updated.
Uncertainty Very high. Great changes in client
demands during construction resulted
in many change orders. Plant process
capacity was increased by 80% in two
steps.
High. Parallel design and
construction increased the
uncertainty.
High. Geological conditions and quality of
the ore body were very hard to estimate
beforehand.
Moderate. Low time pressure
during conceptual design stage
resulted in less uncertainties
regarding scope, technical
solutions and costs.
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mainly internal documents including partnering charters, incen-
tive arrangements, and tendering and contractual documents.
In line with the approach taken by Brown and Eisenhardt (1997),
a small amount of quantitative data was collected during most
interviews to supplement the assessment of the strength dimen-
sion, by letting interviewees respond to (measured by a 7-point
scale) the question “How strong do you perceive the collaboration
is in this contractual relationship”? However, since only four to ten
respondents (see the numbers in brackets in Table 2) assessed
each contractual relationship these quantitative results are only
viewed as indications, adding some further empirical understand-
ing to the qualitative data.
3.4. Analysis of empirical data
To increase reliability through transparency and possibilities for
future replication, case study protocols were constructed together
with case study data bases, containing case study notes, docu-
ments, and the narratives collected during the study (Yin, 2003;
Gibbert et al., 2008). Furthermore, a comprehensive case report
(including all four projects) was written. The report was read and
commented on by four key respondents, in order to further
mitigate subject biases.
The qualitative process data within each case was structured in
narrative chronologies (Miles and Huberman, 1994; Langley, 1999;
Yin, 2003), describing how different procurement procedures,
contracting mechanisms, and partnering activities were imple-
mented in a certain chronological order in each case. The within
case analysis focused on how the different procedures and the
timing of their implementation formed an empirical pattern that
affected the four SCI dimensions and their interdependencies.
In a second step the empirical patterns from the process data
were compared among cases in cross case analysis in order to
enhance external validity (Eisenhardt, 1989). The tactic chosen in
this study was to look for similarities and differences related to
categories or dimensions suggested by existing literature (i.e. the
four SCI dimensions) across cases (Eisenhardt, 1989). Of special
interest were comparisons of how partnering was implemented in
the four projects, in terms of the timing and duration of processes,
how many and which companies were involved, and which types
of roles and functions within the companies that participated in
different processes. The empirical patterns were also compared to
prior research ﬁndings in order to investigate differences and
similarities between the process data and theory (Langley, 1999),
i.e. a pattern-matching analysis (Yin, 2003) enhancing internal
validity and analytical generalization (Eisenhardt, 1989; Gibbert et
al., 2008). Due to space limitations, the empirical section presents
only the cross-case analysis, which is structured as a conceptually
ordered display that empirically describes each part of the theory
(Miles and Huberman, 1994; Eisenhardt and Graebner, 2007),
i.e. how the four SCI dimensions were managed in the projects.
4. Empirical ﬁndings
4.1. Empirical context and descriptive data about case study projects
The four case study projects faced varying but challenging
characteristics in terms of complexity, customization, uncertainty,
time pressure, and technology newness, see Table 1. These
challenging characteristics motivated the client to implement
partnering in all four projects, in order to integrate the supply
chain and avoid sub-optimizations in isolated parts. The projects
concerned different types of products and varied in content.
Projects A and B concerned two different types of pelletizing
plants at different geographical places. Project C involved a new
main mine level and Project D involved new ﬂotation facilities. The
same construction contractor company (CC1) was involved in all
projects, but CC1 established completely different project organi-
zations in Projects A and B. Furthermore, in Projects A, B, and C the
client's project teams were totally different and unfamiliar with
the partnering concept whereas Project D reused the same team as
in Project A.
4.2. Implementation of partnering by managing four dimensions
of SCI
4.2.1. Strong integration through many integrative activities
and technologies
The client utilized several different integrative activities and
technologies in order to strengthen supply chain integration. From
a procurement perspective, the selections of partners were exe-
cuted carefully and purposefully. In Projects A, B, and C partner
selection procedures were based on multiple criteria and earlier
experiences of the partners, see Table 2. In Project D, the three
partners for the feasibility stage were selected through direct
negotiations, mostly based on the client's positive earlier experi-
ences of these companies. The explicit low focus on lowest price
resulted in harmonious relationships in which all actors were
allowed to make money.
However, Project B had an implicit high price focus manifested
by rough price negotiations with both CC1 and CC2 when deciding
the target price. The contract manager of CC1 stated that “it was
tough to be so suspiciously questioned already at the outset of the
project”. Calculating bid prices and target costs is not an exact
science: some budget costs are overestimated and some are
underestimated. Summed up, all budget items together indicate
a fair price. An engineer in CC1 illustrated this logic with the
statement: “what we loose on the swings, we take back on the
merry-go-round”. Accordingly, the contractors meant that it is not
logical or fair when clients haggle down prices on over-estimated
budget items in isolation. Several respondents suggested that they
should have focused on discussing joint objectives and the scope
of the project during early stages instead of price and technical
solutions. A 2nd level project manager in Project B stated that “you
shouldn't squeeze contractors to the last penny, then they'll focus on
change orders and the relationship will end up in the lower end of the
scale” (i.e. low strength of integration).
Partner selection also concerned the individual level. In Project
B the personal chemistry between the project management of CC1
and the client organization was not very good, resulting in weaker
integration throughout the project duration. A solution to
a comparable situation in Project C was to remove one person with
unsuitable attitudes within CC1's project team. Many respondents
suggested that suitable people is more important than the use of
integrative activities for increasing the strength of integration.
In terms of contracting, the payments in all four projects were
based on ﬁxed prices for indirect costs (e.g. insurance, overheads,
project management) and open book accounting coupled with
incentives for direct costs (e.g. materials, site workers, subcon-
tractors, and equipment). The incentives included gain/pain share
arrangements involving 50/50 sharing of both gains (when total
costs are below target cost) and pains (when total costs exceed
target cost). In addition, bonus opportunities were connected to
time schedule and work environment. Although the incentive-
based payment was considered to be beneﬁcial, a frequently
discussed drawback regarded how change orders affected the
target cost. Some client respondents in Project B felt that it was
too easy for the suppliers to make money and that it did not give
them sufﬁcient incentives to make improvements. However, the
supply-side respondents disagreed and stated that incentives
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Table 2
The four dimensions of integration in Projects A–D.
Project A Project B Project C Project D
Strength of integration Partner selection based on multiple criteria.
For example bid evaluation for CC1: Price
22%, Soft parameters 78%.
Similar to Project A, but integration was
weak with CC1 & CC2 due to tough price
negotiations when setting target price.
Direct negotiations with MS1.
Partner selection based on multiple criteria.
For example bid evaluation for CC1: Price
33%, Soft parameters 67%.
Favorable risk analyses and earlier
positive experiences made the client
choose these three suppliers based on
direct negotiations rather than
competitive tendering.
CC1, MS1 & ES1 had similar payment
schemes: ﬁxed price for indirect costs and
open book accounting for direct costs
including 50/50 gain/pain-share in each
contract. Opportunities for bonuses (€1.5
M0.5% of total value) connected to work
environment, time schedule & strength of
integration.
Payments were similar to Project A. Bonus
opportunities (1% of total value) were
similar to Project A.
CC1 and one SC had similar payment
schemes: ﬁxed price for indirect costs and
open book accounting for direct costs
including 45/45/10 gain/pain-share on the
total cost. Bonus opportunities (€
0.4 M2% of total value) connected to
work environment & time schedule.
Similar payment schemes as Project A.
Bonus opportunities (€ 2 M5% of total
value) connected to work environment &
time schedule.
Many integrative activities and
technologies were used: Start workshop,
joint IT-tools, joint objectives, follow-up
workshops, partnering questionnaire,
facilitator, teambuilding, conﬂict resolution.
Integrative activities were similar to Project
A, but also included joint project ofﬁce.
Joint IT-tools were not used to the same
high extent as in Project A.
Similar to Project B. Similar to Project A but also included a
joint project ofﬁce and the work planning
method Last Planner.
Strength of integration was high or very
high within contract relationships but
slightly less high between contracts.
Strength of integration among partners was
not satisfactory considering the partnering
arrangement.
Strength of integration was very high both
within and between contracts.
Strength of integration was very high
both within and between contracts.
C-CC1þEng1: 6.1 (7) C-CC1þEng1: 4.3 (10) C-CC1: 6.4 (4) C-CC1þEng1:6.5 (4)
C-ES1: 4.8 (4) C-CC2þEng2: 4.2 (7) SCs not quantitatively evaluated. C-MS1: 5.3 (4)
C-MS1: 5.9 (5); C-ES1: 5.6 (4)
C-MS2: 2.8(5) C-ESC1: 4.8 (4)
Scope of integration Two partnering teams were established:
(1) CC1, Eng1 & Eng2; (2) ES1, EC1 & Eng3.
No SCs were formally involved.
Three partnering teams: (1) MS1, MS2 &
CC1; (2) CC1 & Eng1; (3) CC2 & Eng2. No
SCs were formally involved.
Partnering team included CC1 and 3 SCs.
CC1 and the largest SC shared gain/pain
share agreement.
Partnering team included CC1, MS1, ES1,
ESC1, Eng1 & Eng4. Compared to Projects
A and B, SCs were involved a bit more.
Duration of integration Only MS was involved (as a consultant) in
the feasibility stage. CC1 was procured and
involved soon after the investment
decision, but only 1.5 months of the design
stage elapsed before construction start. ES1
was procured shortly after construction
start. Partners collaborated well in
concurrent engineering. Some key SCs were
procured rather late. Key consultants were
involved throughout the project.
CC1 & MS1 were procured early in the
feasibility stage. In the MS1 contract there
was also an option for a delivery in Project
D. Integration was strong with MS1 but
weak with CC1 & CC2 due to lack of human
resources dedicated to these relationships.
Start workshop was held too late (after
construction start). Relationships got off on
the wrong foot, which was difﬁcult to
correct later in the project.
The client performed design work
regarding the placement of tunnels.
Consultants were a bit involved in the
design of underground facilities. Since
contractors were not needed in the design
work they were procured after the design
stage. CC1 and three SCs were procured
fairly simultaneously to plan construction
work jointly. CC1 was contracted for one
year with an option for one additional year.
CC1, MS1 & ES1 were procured as
consultants early in the feasibility stage.
They collaborated well in concurrent
engineering although they were a bit
unfamiliar with design work. Due to early
involvement of partners on a consultant
basis 2/3 of the design work was ﬁnished
before target prices and contracts for the
construction stage were set. MS1 was
contracted as a continuation of a similar
delivery in Project B.
Depth of integration Involvement of high hierarchical levels
assured top management commitment.
Blue collar workers and end-users were not
involved.
Similar to Project A. Involvement of top management assured
their commitment. End-users participated
in partnering workshops. Blue collar
workers were involved through special
workshops and bonus payments if weekly
production reached certain levels.
Involvement of top management assured
their commitment. End-users
participated in partnering workshops.
Blue collar workers were not involved.
Project results Cost overrun with o10%, no time overrun.
Results regarding costs, time and quality
were satisfactory, considering that the
scope increased 30-40% (500 change
orders) due to short and poor feasibility
stage.
Slight cost and time overruns due to
increased scope and change orders. Quality
was satisfactory.
Results regarding costs, time and quality
were satisfactory. Costs were reduced with
10% compared to preceding year when
partnering was not used.
Results regarding costs, time and quality
were very good. Very few change orders.
(Abbreviations: CC¼Construction contractor, EC¼Electrical contractor, ES¼Electrical equipment supplier, ESC¼Electrical subcontractor, MS¼Mechanical equipment supplier, SC¼subcontractor, Eng¼Engineering consultant,
C¼Client).
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strengthened their motivation to perform well. The sizes of the
bonuses were also frequently discussed. If bonuses are to affect
attitudes and behavior, many respondents argued that they have
to be relatively large. Hence, the bonus opportunities were con-
tinuously ampliﬁed from 0.5% of total costs in Projects A to 5% in
Project D, which was considered more inﬂuential.
In addition to contracting related mechanisms, all four projects
also used other integrative activities and technologies: start work-
shop, joint objectives, partnering questionnaire, follow-up work-
shops, teambuilding activities, partnering facilitator, joint IT-tools,
joint project ofﬁce, and conﬂict resolution. The respondents found
these activities effective for strengthening the integration among
partners and due to the monetary size of the projects, the costs of
performing these activities were not considered unreasonably
high. Some lessons were learned. In Project B the client and CC1
had one ﬂoor each in the joint project ofﬁce, which hampered
interaction. The ofﬁce shared with CC2 was only one ﬂoor and
functioned better by providing more opportunities for informal
interaction and face-to-face meetings. Approximately 4–5 partner-
ing workshops were held in each project although the project
durations varied considerably. Many respondents meant that the
intervals between workshops should be approximately 3–6
months. In Project B, workshops were thereby considered too
few since the time between each workshop was rather long. Some
respondents also pinpointed the importance of extensive use of
integrative activities early in the project relationship. In Project B
the activities were implemented too late. The start workshops and
formulation of joint objectives with CC1 and CC2 were held after
several months when integration problems already had occurred.
4.2.2. Wide scope of integration through broad partnering teams
and group incentives
The client company utilized twomain mechanisms to manage the
scope of integration in the four projects: the ways supply-side
companies were put together in partnering teams and the ways they
were rewarded and paid (either individually or collectively) for the
work executed. Each partnering team was a formal group of
companies that shared a partnering charter and joint objectives,
and conducted partnering workshops together. In the two largest
projects (A and B) the key actors; construction contractor (CC),
mechanical equipment supplier (MS), electrical equipment supplier
(ES), electrical contractor (EC), and engineering consultants (Eng),
were involved in different partnering teams to make team sizes more
manageable. In support of this division, several respondents argued
that partnering workshops and group meetings should not involve
more than 25–30 participants. However, others argued that this
separation diminished the integration between these interdependent
groups. In Project B for an example, Eng1 did not participate in the
same partnering team as MS1 and MS2 although their engineering
work was highly interdependent. Furthermore, the third major
mechanical supplier was not part of any partnering team, although
the coordination between them and CC2 was critical and became
a bit problematic. In Projects A and B, no subcontractors were
formally involved in the partnering activities, which many respon-
dents viewed as aweakness. In Projects C and D, wider partner teams
including all key actors were established, which enhanced coordina-
tion among different types of actors and their activities.
In Projects A, B, and D the incentive-based payments were
connected to the companies' individual performances, whereas it
was tied to group performance within the partnering team in
Project C. The latter approach was perceived to enhance a wider
integration among all team actors since the individual partners did
not have any incentive to sub-optimize their own performance.
Many respondents also perceived it important to include key
consultants in incentives, but this was not tried out in any of the
four projects. The respondents agreed that involvement of key
subcontractors in the partnering team should have been greater
and that some subcontractors should have been part of the
incentive-based payment since they performed most of the work
on site. As a result of the wider scope of team arrangements and
incentive schemes the respondents perceived the strength of
integration across contractual relationships to be higher in Pro-
jects C and D than in Projects A and B.
4.2.3. Long integration duration through early involvement and
long-term contracts
The integration among partners spanned different project stages
and occasionally also different projects. Project C was the only project
in which design was performed solely by the client side, which is
normal in underground (mining) work, before the contractors were
procured based on a Design-Bid-Build contract. In order to save time
and utilize suppliers' design-for-manufacturing competence the
other three projects involved concurrent engineering based on
Design-Build contracts. The parallel design and construction was
vital due to the high time pressure. The early integration also
developed and grew stronger throughout the project life cycle,
thereby serving as a key factor enhancing the strength of integration.
However, due to scarce human resources the client organization in
Project B focused on integration with MS1 while CC1þEng1 and
CC2þEng2 had to work more on their own. The focus on MS1 was
motivated by their importance for the client's process technology and
because this relationship was strained from previous troublesome
projects. Accordingly, the relationship with MS1 started cautiously
but was soon strengthened, whereas the lack of resources initially
hampered the strength of integration with the construction contrac-
tors. The project manager of Eng1 highlighted this resource problem
with the statement: “you shouldn't do partnering with a poor client”.
In Project A, only 1.5 months elapsed between the procurement
of CC1 and construction start. This time pressure hampered
innovative design improvements. In Project B, this time for
innovation was 6 months, making it possible for CC1 to develop
some signiﬁcantly better solutions that improved the function and
saved an estimated €10 million. A problemwith early involvement
is that the target cost is very difﬁcult to set. In several contracts in
Projects A and B only 20–30% of the design work was performed
before the target cost was set. This resulted in change orders and
signiﬁcant cost overruns, which sometimes led to conﬂicts and
weaker integration. Another approach was used for MS1 in Project
B and for MS1, CC1, and ES1 in Project D. They were procured as
consultants during early stages and entered the ﬁnal contract
when the target cost had been set based on more thorough design
work (60–80%). This approach functioned very well and these
relationships were characterized by lower uncertainty and strong
integration. In contrast, the respondents argued that the later
involvement of ESC1 in Project D resulted in weaker integration.
Informal long-term relationships existed between the client
and several of the supply-side companies, especially CC1 who
participated in all four projects. Both the client and CC1 used
similar project teams in Projects A and D. This strengthened the
integration in Project D and made it possible to achieve contin-
uous improvements and spread best practice across these two
projects. In Project C, a long-term contract based on an option for
continuance served as a basis for longer integration duration,
improving CC1's commitment for this project. In Project B, MS1
had a comparable contractual option for a possible delivery of
similar equipment in Project D. However, the client's project
manager in Project D did not perceive any beneﬁts from this
continuance, since MS1 had changed to a different project team
that initially acted a bit lazy and uncommitted. Another problem
was that MS1 changed their project manager two times during the
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ﬁrst half of the project. This interrupted a continuously stronger
integration since the partners had to start over two times.
4.2.4. Deep integration of top managers, end-users, and blue collar
workers
In the four projects, different approaches were used to inte-
grate personnel at different hierarchical levels and from different
functions. In Projects A, B, and D the integrative activities focused
on professionals at high hierarchical levels. In Project A, almost
50% of partnering workshop participants were top managers
above and outside the companies' project organizations. In Project
D such top management commitment proved very useful. The
client's project manager felt that MS1 had too scarce human
resources that affected the entire project negatively. When dis-
cussing this issue with MS1's project manager he claimed that “his
hands were tied” and that he could not access more people. Then
the client's contract manager explained the problem and its effects
to the contract manager in MS1. Soon more people were allocated
to MS1's project team and the problem vanished. Although this
commitment from top managers was perceived to affect integra-
tion also at lower levels, many respondents argued that staff on
site should have been involved in the integrative activities.
In Project C blue collar workers were explicitly involved in
integrative activities through partnering questionnaires, special
workshops, a joint underground room for lunch and coffee breaks
(“The Hard Rock Café”), and by giving them salary bonuses if
weekly tunnel production reached a certain level. Due to the
underground work, blue collar workers were fewer and worked
for a longer duration in Project C compared to the other projects.
Hence, it was perceived easier and more important to involve
them in the integrative activities.
The end-users were considered very knowledgeable and their
input to the design work was requested, but obtained to a varying
degree in the four projects. The client's quality manager in Project D
suggested that “it is important that the end-users view the product as
theirs already from the ﬁrst spade dig, but they often realize it only when
the plant is ready to operate”. Many respondents argued that it is very
difﬁcult to get end-users deeply involved in projects since this is
outside their normal job responsibilities. A 2nd level project manager
in Project B stated “there is low interest from end-users; the appropriate
key competences are not available due to scarce resources”. It was
perceived especially important to involve end-users early in the
feasibility stage and conceptual design to customize the product. In
Projects A and B design input from end-users was received to some
extent and some inappropriate technical solutions were thereby
avoided. However, some inputs were received after the designs should
have been “frozen”, resulting in project delays. It was therefore
suggested that end-users should have been involved even earlier
and taking part in the integrative activities. In Projects C and D, end-
users were participating in the partnering workshops and in Project D
their involvement was further improved by the use of 3D Building
Information Modeling (BIM), visualizing the end-product already in
early design stages. End-user involvement was also critical in late
project stages during start-up, where they learned how to use the
equipment from the mechanical suppliers. This was especially evident
in Project B where MS1 provided education to 100 people from the
client's organization, representing 5% of the overall order value.
5. Discussion
5.1. The extent and timing of integrative activities affecting the
strength of integration
Prior research on SCI in manufacturing industries has focused
on the strength of integration, affected by the extent to which
integrative activities and technologies are utilized (van der Vaart
and van Donk, 2008; Leuschner et al., 2013). The empirical
ﬁndings suggest that there is a wide range of integrative activities
and technologies that can be used to strengthen the integration
among partners in engineering projects. Interestingly, procure-
ment and contracting related procedures and mechanisms (e.g.
partner selection and incentivized-based payment), which have
largely been neglected in the general SCI literature, were found to
be central for the strength of integration in project-based supply
chains. In this matter, the empirical ﬁndings support existing
literature on NPD and engineering projects, emphasizing the
importance of selecting partners based on multiple criteria rather
than lowest price, especially when suppliers are involved in early
project stages (Petersen et al., 2005; Ro et al., 2008). The negative
experiences from Projects B and C also support earlier research
which pinpoints the importance for the client to perform partner
selection at an individual level, evaluating and selecting suitable
individuals from the partner's staff to key positions in partnering
projects (Gil, 2009; Kadefors and Badenfelt, 2009).
All four projects had incentive-based payment, connected not
only to economic performance, but to work environment and time
schedule through bonuses and mile stones. The bonus sizes varied
among the projects, from 0.5% in Project A to 5% in Project D,
where larger bonuses were considered to strengthen integration.
Prior research has shown that a drawback of incentive-based
payment is that it requires a socially effective collaborative climate
in order to avoid disputes regarding target cost adjustments when
client initiated design changes are implemented (Kadefors and
Badenfelt, 2009). This is in line with the ﬁndings in Project B, in
which some degree of distrust made the payment form a bit
problematic when changes occurred. This reinforces the notion
that incentive-based payment should be used together with other
integrative activities, which were lacking in early stages of
Project B.
Prior research has highlighted the importance of a joint project
ofﬁce where partners sit together in the same building, in order to
enhance face-to-face communication and socialization (Alderman
and Ivory, 2007; Gil, 2009). The mixed experiences from Projects A
and B indicate that the design of the building is of relevance since
a one-ﬂoor building provides more opportunities for face-to-face
meetings than a two-ﬂoor building. The empirical ﬁndings also
pinpoint critical interdependences between strength and duration,
since integrative activities were especially effective when imple-
mented in early project stages in Projects A and D, in contrast to
late and ineffective activities in Project B. This ﬁnding support
prior research on NPD and engineering projects, which has found
that it is crucial to perform integrative activities to a high extent in
order to improve cultural diversity awareness in early project
stages (Johansen et al., 2005; Fliess and Becker, 2006).
5.2. Interdependences between scope and strength of integration
The scope of integration involves the question of which organiza-
tions that will jointly perform the integrative activities and technol-
ogies. Prior SCM-literature has mostly focused on dyads (Giunipero et
al., 2008; Vallet-Bellmunt et al., 2011), thereby missing the important
interdependencies between scope and strength. In all four projects
the client's project organizations realized the importance of integrat-
ing several suppliers, contractors, and consultants. Hence, the scope
of integration was a bit broader in all projects than what is often
described in literature, where many partnering attempts only include
client and main contractor (Humphreys et al., 2003; Hartmann and
Caerteling, 2010).
Due to the client's inexperience and fear of too large and
unmanageable partnering teams the partners were divided into
different teams in the very large Projects A and B. This enhanced
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strong integration in multiple dyads between the client and the
individual partners but hampered integration across contractual
relationships among different suppliers. Recent project manage-
ment literature argue against this narrow approach since studies
on complex procurements show that broad partnering teams
involving a wide range of key actors are possible and fruitful also
in very large projects (Caldwell et al., 2009; Gil, 2009). The positive
experiences of the somewhat smaller Projects C and D indicate
that establishing a wider partnering team in which main contrac-
tor and key suppliers, consultants and subcontractors participate
and share ﬁnancial gains and pains facilitate stronger integration
both within and across contractual dyads. Such strong integration
across contractual relationships is important in project-based
supply chains, due to the interdependences among suppliers
(Caldwell et al., 2009; Eriksson, 2010). The empirical ﬁndings
thereby highlight the importance of addressing strength and scope
together.
5.3. Interdependences between duration, strength, and scope
of integration
The duration of integration is related to how long the partners
will collaborate and jointly utilize integrative activities and tech-
nologies. Due to the focus on continuous exchanges in manufac-
turing industries, the duration of integration has been neglected in
prior SCI studies. The empirical ﬁndings highlight the importance
of the duration dimension in project-based supply chains, in terms
of integration across projects and/or project stages. Early involve-
ment of suppliers and contractors in concurrent engineering may
reduce lead times (Hicks and McGovern, 2009), improve the
constructability of the product through design for manufacturing
(Eriksson, 2010), and strengthen integration among partners
(McIvor et al., 2006). In line with these arguments, a longer
integration duration through early involvement of key contractors
and suppliers in concurrent engineering was perceived beneﬁcial
for the strength of integration and also for project results in
Projects A, B, and D.
An analysis of the negative experiences from Project B with CC1
and CC2 and the positive experiences from Project B with MS1 and
Project D with CC1, ES1, and MS1 indicates that the difﬁculties of
setting an accurate target price when involving partners very early
can be overcome by using consultant contracts in the design work
until uncertainties are reduced and the target price is easier to set.
This ﬁnding supports prior research on payment forms, suggesting
that reimbursement payment is more suitable than ﬁxed price
when uncertainties and complexities are high (Bajari and Tadelis,
2001). With such contracts actors can avoid tough price negotia-
tions that may hamper the strength of integration in the beginning
of the relationship, as experienced in Project B with CC1 and CC2.
This ﬁnding suggests that different integrative activities and
technologies need to be utilized in different project stages, thereby
emphasizing the connection between strength and duration.
The empirical ﬁndings also highlight critical connections
between the scope and duration. Early supplier involvement in
design work is complicated and increase the interdependencies
among suppliers (Roseira et al., 2010). This situation requires a lot
of attention from the client's personnel and results in relationship
handling costs, for which reason a client can only handle a limited
number of close relationships at a time (Ford and Håkansson,
2006). Early involvement is therefore not a question of integrating
all suppliers, but the right ones (Johnsen, 2009). Lack of personnel
at the buyer side in Project B made early integration in several
dyadic relationships difﬁcult. This suggests that the client should
not manage relationships as multiple dyads, which requires a large
set of similar parallel resources, but instead widening the scope of
integration so that the client can allocate one pool of resources to a
group of partners.
Many scholars argue that long integration duration in strategic
partnering arrangements spanning over a series of projects make
it possible to strengthen integration over time and commit to
continuous improvements (Bresnen and Marshall, 2002). In Pro-
ject C, the connection among duration and strength was addressed
through a long-term option-based contract, which was considered
vital for the strength of integration. A similar option approach in
Project B and D produced mixed results, since MS1 performed well
in Project B but acted uncommitted in the subsequent Project D.
From a game theoretic perspective, this can be rationally explained
by “the shadow of the future” (Zheng et al., 2008); the supplier
was more committed to collaboration in Project B due to a possible
chance of continuance, which was not apparent in Project D.
However, positive experiences with CC1 in Projects A and D
indicate that also informal long-term relationships may enhance
the strength of integration, even without formal contracts. The
negative experiences from Project D, in which MS1's project
manager was changed two times, indicate that the connection
between duration and strength also relates to relationships among
individuals. This supports prior research in that personnel turn-
over has the effect of restarting the clock when developing
relationships (Zheng et al., 2008; Caldwell et al., 2009), because
levels of trust and ﬂexibility are likely to be lost as new people rely
on the formal contract rather than on informal agreements (Ring
and van de Ven, 1994).
5.4. Interdependences between the depth, scope, and duration
of integration
The empirical ﬁndings indicate that the integration of different
types of professionals at different hierarchical levels within each
partner organization is related to the depth dimension, since
project managers decide which other professional groups (e.g.
end-users, top managers, and blue-collar workers) to involve in
integrative activities and technologies. The size of the partnering
team is an outcome of the connection between the scope and
depth of integration. It is crucial to decide on which companies
and also which hierarchical levels and functions that should
participate in integrative activities. Designing a meeting structure
with different forums for different levels and functions is vital in
order to achieve manageable team sizes, since it is not possible to
obtain both wide and deep integration through only one type of
meeting in large projects.
Top management commitment was established in all four
projects by the participation of higher hierarchical levels in
partnering workshops. Similar to previous research this was
considered beneﬁcial (Bayliss et al., 2004) to secure sufﬁcient
human resources in the project (Caniels et al., 2012). In Projects C
and D also end-users and blue collar workers participated in
integrative activities. This support prior research pinpointing the
importance for engineers and blue collar workers, who perform
the vast majority of the work in engineering projects, to collabo-
rate across organizational boundaries to improve coordination and
efﬁciency of site activities (Eriksson, 2010). As Project C shows, this
depth is especially suitable when the duration of integration is
long for these types of professional groups.
Prior research has shown that strong integration of end-users is
critical when products are customized and it is especially bene-
ﬁcial during early and late stages of NPD-projects, whereas end-
user involvement in middle stages often results in project delays
(Gruner and Homburg, 2000; Rönnberg-Sjödin et al., 2011). This
argument is heavily supported by the case study ﬁndings, showing
that receiving input from committed end-users in the feasibility
and conceptual design stages was very useful in Project D, whereas
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late input during detailed design work resulted in costly changes
and delays in Projects A and B. In addition, end-users beneﬁted
greatly by participating in the start-up stage, thereby learning how
to use the process technology. Accordingly, when managing the
interdependencies between depth and duration it is important to
note that the direction of the information ﬂow related to end-user
involvement may be opposite in early and late stages.
6. Conclusions
Whereas prior SCM research has focused on the link between
SCI and performance, there is a lack of studies focusing on how to
develop and implement SCI considering the business conditions of
the supply chain (Frohlich and Westbrook, 2001; Ho et al., 2002;
van Donk and van der Vaart, 2004; Vallet-Bellmunt et al., 2011).
Especially, there are few studies investigating how to manage SCI
in project-based supply chains (Briscoe and Dainty, 2005;
Martinsuo and Ahola, 2010). By merging SCI literature with
research on NPD and engineering projects, the theoretical frame-
work developed in this paper provides several important con-
tributions to the SCM-literature by discussing how integration in
project-based supply chains can be conceptualized and managed.
Prior SCI literature has focused on the strength and scope of
integration in long-term relationships (Frohlich and Westbrook,
2001; Fawcett and Magnan, 2002; Flynn et al., 2010). However, these
two dimensions are not sufﬁcient to conceptualize integration in
project-based supply chains. Due to the complex and discontinuous
nature of engineering projects and the need for coordination of many
different specialists and functional roles at different hirerarchical
levels, there is a need to manage duration and depth of integration as
well. The main contribution to SCM literature is therefore the
conceptualization of SCI in project-based supply chains, including
the four dimensions of strength, scope, duration, and depth. In prior
SCI literature these four dimensions have never been conceptualized
together. Instead various dimensions have been studied separately,
neglecting their interdependencies.
Accordingly, another main theoretical contribution is based on
the systemic process perspective of the developed framework. The
empirical ﬁndings illustrate that SCI is a multi-dimensional con-
struct consisting of four interdependent dimensions that have to
be managed as a group. Accordingly, it is not sufﬁcient to reﬂect on
only to which extent integrative activities and technologies should
be utilized (i.e. strength). There is also a need for a simultaneous
reﬂection on which organizations (i.e. scope) and professional
groups within the organizations (i.e. depth) to involve in these
activities and for how long (i.e. duration). Since the design and
implementation of the activities and technologies will affect all
four dimensions interdependently, the framework has to be
adopted as a systemic entity. Consequently, managing integration
in project-based supply chains requires both a dedication to detail
and timing since “the devil is in the details” (Gil, 2009), but also
a comprehensive and systemic view, which constitutes a paradoxical
managerial challenge.
At a more detailed level, a contribution to the existing SCI
literature is that the strength of integration should focus on
integrative activities and technologies rather than attitudes, which
are more related to the outcome of integration. This study has
shown that procurement and contracting related procedures and
mechanisms, which have largely been neglected in prior SCI
research, are important parts of the integrative activities and
technologies affecting the strength of integration. This procure-
ment and contracting perspective is also critical for the scope of
integration, since contracts based on group incentives enhance
integration across contractual relationships. Although prior
SCI research mostly has studied dyads (Giunipero et al., 2008;
Vallet-Bellmunt et al., 2011), many scholars highlight the impor-
tance of a network perspective (van der Vaart and van Donk, 2008;
Schoenherr et al., 2014). The empirical ﬁndings in this paper
highlight the importance for a wider scope of integration in
complex engineering projects than what is commonly found in
manufacturing industries. However, this wider scope has conse-
quences for the duration dimension. Prior research on NPD and
engineering projects has highlighted the beneﬁts of early supplier
involvement (Wagner, 2012; Salvador and Villena, 2013). However,
due to the interdependences among scope and duration, it is
important to involve the right suppliers at the right time and in
the right constellations in order to enhance resource allocation
among various contractual relationships. Furthermore, the depth of
integration, which has been neglected in prior SCI literature, is
interconnected to scope and duration in terms of the design and
timing of suitable meeting forums at different hierarchical levels
that enhance integration among interdependent specialists and
functional roles.
In terms of managerial implications, the case study ﬁndings
show that high levels of all of these four dimensions may be
required when implementing partnering in engineering projects,
due to high complexity, uncertainty, and customization. However,
a contingency perspective is required since the level of each
dimension should be tailored to the speciﬁc circumstances of the
purchasing situation. Higher strength of integration is required
when project characteristics are challenging (i.e. high complexity,
customization, uncertainty, and time pressure). Such characteristics
require coordination, ﬂexibility, adaptability, joint problem solving,
and knowledge exchange among partners. Compared to what is
usually described in prior literature on partnering in engineering
projects, a greater scope of integration is required in complex
engineering projects due to the many interdependent actors whose
activities need to be coordinated. When contractor and supplier
input is vital in the design stage to improve buildability and when
time pressure requires parallel design and construction, a longer
duration through early involvement in concurrent engineering is
suitable. When work is similar across projects a longer duration
through long-term contracts or strategic partnering is viable.
A greater depth is important when end-user inputs are vital for a
customized design and when blue collar workers that are continu-
ously working for a long time on the site need to coordinate their
work across different trades and disciplines.
A limitation of this paper is the focus on engineering projects.
Although the ﬁndings and contributions may be applicable also
for other multi-actor project contexts, this need to be investigated
in future research. Hence, in future research, the four SCI dimen-
sions should be investigated in other project-based industries, in
order to see how the framework can be developed and applied in
more general ways. An especially interesting context may be
publically procured mega-projects, in which the dimensions of
scope, duration, and depth may be especially challenging to
manage. In particular, more research on the connections between
scope and depth would be practically useful in order to study how
wide and deep partnering teams can be developed in mega-
projects.
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